Summary.
Immunostaining of semithin sections is a valuable tool in biomedical research; however, this method is rather rarely used by histologists.
To overcome the apparent reservations concerning this method, the present report describes a technique which is rather simple, largely standardized, and very useful in investigative endocrinology. Because of the advantages offered by immunostained serial semithin sections as well as the vast field of applications, the method described is recommended for routine use. Concomitantly this method covers the gap between conventional light microscopy (paraffin sections) and electron microscopy.
Immunohistochemical maethods were introduced to morphological sciences by CooNs and his coworkers as far back as 1941. It took, however, a rather long time for these methods to be improved enough for their more or less routine use in biomedical research. Meanwhile, a large variety of Immunohistochemical techniques at the light and electron microscopic levels as well as antisera against practically every physiological or non-physiological substance have become available (for reviews see LARSSON, 1981; BOSMAN, 1983; NOORDEN and POLAK, 1983; STERNBERGER, 1986) .
The majority of immunohistochemical investigations of peptide hormone producing cells were either performed on paraffin sections or-since immunogold methods have been introduced-on thin sections and at the electron microscopic level. Only in a few studies was the immunostaining of semithin sections from tissues embedded in epoxy resins introduced by LANGE (1970) also applied. According to our experiences in this field, however, immunostaining of semithin sections-covering the gap between conventional light microscopy and electron microscopy (BOCK,1984; LITwIN,1985) -is extremely useful and may be applied for many purposes.
Within the past eight years our group has immunostained about 25,000 semithin sections. During these studies we have gained experience with a variety of embedding media, fixation procedures, immunohistochemical techniques, and also with problems related to specificity controls (See also LARSS0N,1981; NOORDEN and POLAK, 1983; PETRUSZ, 1983 ; STERNBERGER, 1986) . Therefore, the present paper is designed to present our experiences concisely. Due to limitations of space, we will focus within this presentation on the description of a single method which includes tissue preparation and immunostaining of semithin sections and which has been developed and improved over the years. This method includes the snap-freezing and freeze-drying of tissue specimens, embedding in Araldite, preparation of serial semithin sections, removal of the epoxy resin from the sections, immunostaining with the peroxidase anti-peroxidase method and microscopical analyses of the sections with various opticall techniques.
As will be shown, this method largely employs preexisting techniques which have been modified, standardized, and adapted to a common protocol. The outcome is, in our opinion, a rather simple, efficient and reliable method, one which can be established for a variety of objects.
MATERIALS AND METHODS

Tissue fixation
The tissues were fixed according to the principles of the technique developed by FALCK and his colleagues (FALCK et al., 1962; BJoRKLUND et al., 1972) . Briefly, small tissue specimens were quenched in melting Freon 22 (-140°C), precooled by liquid nitrogen, transferred to a specimen holder (see BJoRKLUND et al., 1972) , and freeze-dried at -40°C for 72 hr in a customary freeze-drier. Subsequently, the specimens were fixed by vapor-phase p-formaldehyde at +65°C for 45 min (or alternatively by vapor-phase diethylpyrocarbonate =DEPC, see PEARSE et al., 1974; PEARSE and POLAK,1975) .
Embedding
The fixed specimens were either directly (omitting any intermedia) immersed in epoxy resin (Araldite) or were shortly infiltrated with propylene oxide prior to immersion in Araldite. Propylene oxide facilitates the subsequent penetration of the epoxy resin into the tissue, and this intermedium has no disturbing effects on the preservation of tissue structure, the fluorescence of biogenic monoamines or the quality of immunostaining.
The specimens were left in Araldite overnight at room temperature and embedded in freshly prepared Araldite in Beem capsules. Polymerization of the epoxy resin was performed at +65°C for 24 hr.
Sectioning
Serial semithin sections were cut on an ultramicrotome (Ultracut Reichert-Jung, Germany). Depending upon the purpose of the study (see below), section thickness was 0.25-2.0 pm. The section thickness most commonly used was 0.5 pm. At this thickness, on an average about 20-40 serial sections pass through the same cells. The sections were placed in a droplet of distilled water on microscopic slides. These slides were prepared as recommended by RAWDON (1978) . Droplets of glycerol (3-5 mm in diameter) are brought to the microscopic slides. The slides then are sprayed moderately with polytetrafluoroethylene (PTFE, commercially available). Subsequently, the droplets of glycerol and their covering layer of PTFE are washed away by both running and distilled water and then air-dried, leaving back a small non PTFE-coated area on the slide. From one up to ten of such areas per slide may be prepared.
The semithin sections are placed into these areas and mounted by "burning" on a hot plate (+90°C, 30 min). RAwDON's method to prepare microscopic slides proved to be very useful for handling tiny tissue sections that are barely visible as well as for the immunohistochemical staining protocol. During immunostaining the antisera are placed on the non PTFE-coated area; a quantity of only 10 tcl antiserum per section is sufficient to cover the sections because PTFE is a hydrophobic agent. Moreover, in the light microscope, the semithin sections are easily found on the slides when the borderline of PTFE is used as a "landmark."
Series of semithin sections including 20-300 sections were either immunostained sequentially by a variety of antisera (polyvalent staining) or by the same antiserum (monovalent staining).
In addition, some of the serial sections remained non-immunostained and were stained by conventional staining techniques or viewed by fluorescence microscopy for biogenic monoamines.
Conventional staining methods
Routinely, semithin sections were stained by azur II and methylene blue (RlcHARDSON et al., 1960) , a staining method which can be performed without removal of the resin from the sections, a prerequisite for other staining methods (see below). In this way, semithin sections were successfully stained by hematoxylin-eosin, azan, periodic acidSchiff (PAS), and silver impregnation (GRIMELIUS,1968) .
Formaldehyde-induced fluorescence
Semithin sections from tissues which have been freeze-dried and fixed by vapor-phase p-formaldehyde exhibit fluorescence of biogenic monoamines (serotonin, catecholamines). Deplastinized and non-deplastinized semithin sections of various thickness were examined for the fluorescence histochemical proof of the amines.
Removal of epoxy resin
Most of the conventional staining techniques and immunohistochemical methods require the removal of the epoxy resin from the sections. This was performed according to the method of MAYOR et al. (1961) : the microscopic slides are brought to a saturated solution of sodium methoxide for 2 min, then to a mixture of methylalcohol and benzene (1:1) for 30 sec, followed by two changes of acetone and distilled water (30 sec each).
Immunohistochemistry Antisera. Throughout our studies a battery of more than 30 antisera against peptide hormones has been utilized. These antisera included antisera and monoclonal antibodies against pituitary hormones, hormones of the GEP endocrine system, and calcitonin. In addition, antisera against 5-hydroxytryptamine (serotonin), chromogranin A, neuron specific enolase (NSE), and 5100 protein were used.
Immunohistochemical techniques. We routinely applied STERNBERGER's peroxidase antiperoxidase (PAP) method (1986) modified for the staining of semithin sections (GRUBS, 1980a; GRUSE and WEBER, 1980) : deplastinized sections were immersed in 2°o nonimmune swine serum for 30 min and then incubated with the first antisera diluted 1:1,000-1:128,000 in a moist chamber for 24 hr at +4°C. The second antiserum was used at dilutions of 1:20-1:40 for 30 min at room temperature.
The third antiserum (PAP complex) was used at a dilution of 1:50 for 30 min. Immunoreactive sites were revealed by immersion of the sections in a solution containing 0.01250 3, 3-diaminobenzidine-HCl and 0.002% H202 in 0.05M Tris-HC1 buffer pH 7.6 for 30 min. The buffer used as diluent for the antisera and as rinsing solution between the various steps of the immunohistochemical protocol was O.O1M phosphate buffered 0.15M saline (PBS), pH 7.3. Following immunostaining, the sections were dehydrated in graded alcohols, cleared in xylene, and mounted in Eukitt.
Specificity controls. All specificity controls to exclude non-specific reactions caused by method and antibody non-specificities were applied (PETRUSZ et al., 1976; GRUBE, 1980a; GRUBE and WEBER, 1980; LARSSON,1981; NOORDEN and POLAK, 1983; STERNBERGER, 1986; LEEUWEN, 1986) . The controls included: l) replacement of the first antisera by a hyperimmune serum of unrelated specificity (~-fetoprotein antiserum), by nonimmune rabbit sera or by PBS; 2) omission of the second and third antiserum and of the DAB-H202 step or their replacement by a buffer; 3) use of ascending dilutions of the antisera and control sera ("titration test", see PETRUSZ, 1983) ; 4) use of PBS with a high NaCI content (0.45M) or Tris-HC1 buffer as diluents for the antisera and as rinsing solutions; and 5) preadsorption of the first antisera with 10-100 tCg/ml diluted antiserum of their corresponding antigens, or of antigens with related and unrelated specificities at +4°C for 24 hr.
The specificity controls were usually performed concomitantly in tissues known to contain the corresponding antigen (positive controls). Moreover, these controls were carried out in serial semithin sections alternatively immunostained for the antigen in question. Thus, immunostaining and its controls were performed as a rule in the same cells.
Microscopical techniques
Routinely, the immunostained semithin sections were mounted without counterstaining. Therefore, the application of bright field optics was of restricted significance (see below). The micrcoscopical methods chosen for immunostained semithin sections were phase contrast or interference contrast optics which greatly enhance the densities of staining (GRUBE,1980a; GRUBE and AEBERT, 1981) . Alternatively, dark field illumination may be used (DAB polymers show a strong luminescence). Weak immunoreactivities were optically enhanced by illumination with ultraviolet light, which leads to a strong fluorescence of DAB polymers (GRUBE, 1980b) . For this purpose and for fluorescence histochemical investigations of biogenic monoamines, we used the microscope Polyvar (Reichert-Jung, Germany) and its filter set V2 (excitation filter at 395-446 nm, barrier filter at 470 nm).
Three-dimensional reconstructions From immunostained 0.5 tCm serial semithin sections, single cells or cell populations can be reconstructed three-dimensionally either graphically (GRUBE and AEBERT, 1981) or with computer-assisted systems (GRUBE and BOHN,1983; GRUBE et al., 1983) . During the present investigation we reconstructed endocrine cells from the pituitary and the gastrointestinal tract of the rat using the Interactive Image Analysis System (I.B.A.S, Zeiss-Kontron, Germany) and its commercially available "3 D-Reconstruction of Serial Sections" program package (version 1.00: April 1982). The contours of the cells to be reconstructed were drawn on transparent foils from micrographic copies of the serial sections at a final enlargement of 1:2,000. Subsequently, the foils were placed on the measuring tablet, the structures were traced by a cursor, and the resulting xycoordinates were stored on a disk. Alternatively, the pictures of the cuts were proSerial Semithin Sections in Immunohistochemistry 395 jected directly into the computer monitor via the video camera from the microscope and processed as mentioned above. The graphic output of reconstructed cells was carried out after computer-assisted removal of hidden lines and partially also after rotation of the reconstructed specimens along the x-, y-and z-axes.
Quantitative immunocytochemistry The image analysis system mentioned before offers also the possibility of measuring optical densities in histologic sections. For this purpose, a systematic investigation of quantification in immunoperoxidase stained semithin sections has been undertaken. Details of this newly developed method will be published in a forthcoming paper (GRUBE et al., in preparation) .
Within the present paper we will only refer to some examples of the application of the method. Briefly, for quantitative estimations of immunoreactivities we found the most useful to be semithin sections cut at 0.25 tem which were immunostained by highly diluted antisera (background staining: 0). The sections were viewed at a final magnification of 1:1,600, with the area to be measured, encircled by the cursor, and optical densities given as arbitrary units (1 =black, 255 =white).
RESULTS
The presentation of the results is divided in two parts: we shall first refer to technical aspects of the methods employed, and then offer examples for the various applications of our methods.
Techniques
Histologic techniques
Tissues fixed byy freeze-drying and vapor-phase p-fomaldehyde or DEPC showed excellent preservation of tissue structure and also of the antigenicity of the substances investigated (serotonin, peptides, chromogranin A, NSE) in endocrine cells. A minor disadvantage of quenching and freeze-drying was the relatively poor preservation of connective tissues. The "burning" of sections to microscopic slides had no disadvantageous effects upon the immunoreactivities of the antigens in endocrine cells. However, peptides localized in the nervous elements lacked immunoreactivities; this might also be due to the embedding in epoxy resin and not to inappropriate mountings of the sections (see STERNBERGER,1986) . (For alternative methods see LARSSON,1981; NOORDEN and P0Lax,1983) .
Fluorescence of biogenic monoamines
Compared to Epon, Araldite exhibits only a weak autofluorescence.
The sections can therefore be viewed in the fluorescence microscope without removal of the resin. Moreover, removal of the resin from semithin sections greatly reduces the fluorescence of catecholamines (dopamine, noradrenaline) in endocrine cells. (Catecholamines localized to adrenergic nerves did not show any fluorescence in epoxy resin embedded tissues.) In Semithin sections cut at 0.5 gym, the fluorescence of serotonin and catecholamines is relatively weak. Hence, micrographic documentation will be difficult. Therefore, we recommend for these purposes the use of semithin sections of at least 1.0 pm thickness.
Finally, it should be stressed that the fluorescence of amine-containing cells is still 1). GRUBE and Y. KUSVMOTO: retained even when freeze-dried, vapor-phase fixed tissue specimens which formerly had been embedded in paraffin are re-embedded in Araldite through routine processes (dissolution of the paraffin in xylene, embedding of the specimens in Araldite via propylene oxide).
Immunohislochemical techniques
The density of immunostaining and the extent of background staining were shown to depend mainly on two factors: the dilution of the first antiserum and the thickness of the histologic sections.
Because the titer of antibodies differs among the antisera, the maximal dilution of an antiserum that still gives a high signal/noise ratio during immunostaining has to be estimated individually (PETRU5Z, 1983) . Our antisera proved to have working dilutions between 1:2,000 (anti-insulin) and 1:32,000 (anti-chromogranin A). When the working dilutions of the antisera have been determined, all other steps of the immunohistochemical protocol are performed in a standardized form (see "Methods") . The influence of section thickness on immunoperoxidase staining of semithin sections is shown in Figure 1 . From these findings, the use of 0.5 ram sections is recommended for most applications.
Exceptions are, as mentioned above, fluorescence histochemical investigations of biogenic monoamines which require 1.0 fam sections and quantitative immunohistochemical studies where 0.25 ,_em sections will show better results (see below).
I. Microscopical techniques
Immunoperoxidase stained semithin sections may be viewed with various optical systems in the microscope.
Four of these systems are illustrated in Figure 2 . Their main characteristics are as follows: bright field illumination (Fig. 2a) is suitable for the estimation of the density of immunostaining (GRUBS and WEBER, 1980) phase contrast optics (Fig. 2b ) and interference contrast optics (Fig. 2c) greatly enhance the densities of staining (DAB polymers have a high optical density) and also show the non-immunostained areas of the sections (GRUBE, 1980a; GRUBE and AEBERT, 1981) . A disadvantage of phase contrast optics is the bluish-white glow of intensely immunostained cells caused by refraction phenomenons and which outshines cell boundaries.
By interference contrast microscopy, differences in the optical densities within the sections are transformed to the seeming differences of "altitude"; therefore, this technique offers a pseudorelief-like structure of the specimen. To induce fluorescence in DAB polymers (Fig. 2d) , the sections have to be exposed for approximately 5 min to ultraviolet light (GRUBE, 1980b (in contrast to the fluorescence of amines) shows no fading during further illuminations and is stable for years. This latter technique is a simple way to discriminate, for instance, between the natural contrast among tissue components in the section and the contrast arising from DAB polymers. Moreover, this technique permits the demonstration of traces of immunoreactivities and therefore may be applied during immunostaining with low-titer antisera (or monoclonal antibodies) as well as with highly diluted antisera of high antibody titers, as shown in Figure 3 for the antiserum against chromogranin A (kindly provided by Dr. AUNIS and Dr. BADER, Strasbourg, France). This antiserum in routine immunostaining could be diluted up to 1:64,000. Using the fluorescence of DAB plymers, however, even dilutions of the antiserum up to 1: 128,000 showed positive immunostaining in the fluorescence microscope whereas other optical techniques failed to reveal any immunoreactive sites.
Applications
In addition to the advantages offered by semithin sections with respect to the precision and efficiency of immunohistochemical techniques, the use of serial semithin sections has another prime advantage: depending on the shape of endocrine cells and section thickness, about 20 to 80 serial sections can pass through the same cell. This is very useful for various kinds of investigations.
By sequential staining of the serial sections, immunohistochemical studies can be combined with other methods (empirical staining, fluorescence of biogenic monoamines) or investigations concerning the presence of multiple peptides in the same endocrine cells may be performed.
Furthermore, monovalent immunostaining of the serial sections offers the possibility of investigating the intracellular distribution of hormones and to reconstruct three-dimensionally the shape of endocrine cells and their microenvironment (homologous and heterologous endocrine cells, non-endocrine cells, capillaries).
Finally, quantitative immunohistochemical studies and investigations into the relationships between different antigens in the same cells are possible. The applications just outlined will be presented in more detail below. 
Immunohistochemistry and empirical staining methods
The argyrophilia of entero-endocrine cells will serve as an example in this field. We have performed such investigations in the gastrointestinal tracts of humans and rats. As shown in Figure 4 , all enterochromaffin (EC-) cells show a strong argyrophilia; gastrin (G-) cells, however, are heterogenous in this respect: some G-cells show a moderate argyrophilia, others are only faintly argyrophil or lack any impregnation with silver salts. Incidentally, the argyrophilia of G-cells greatly depends on the conditions of the reaction.
By prolonged treatment of the sections in the silver solution, the argyrophilia of these cells is more clearly expressed, yet the differences in staining intensities among individual cells remain.
A prerequisite for the argyrophilic reaction is the removal of resin from the sections prior to their incubation in silver solutions.
Immunohistochemistry and fluorescence histochemistry of biogenic monoamines
Formaldehyde-induced fluorescence (FALcx et al., 1962) has for a long time been the only reliable method for histochemical proof of biogenic monoamines at the cellular level. Concerning 5-hydroxytryptamine (serotonin), the immunohistochemical proof is an alternative.
With respect to the catecholamines, however, we still depend on the "Falck -Hillarp technique." Figure 5 shows the combination of immunohistochemistry with fluorescence microscopy performed on serial sections of the same endocrine cells. All 5-HT immunoreactive cells correspond to (yellow) fluorescing cells. With immunohistochemistry, the EC-cells are more completely stained, that is to say, those cytoplasmic areas lacking secretion granules are also immunoreactive (though not to be discerned in the present enlargement of Figure 5 ). This points to the possibility that serotonin is also localized in a "cytoplasmic" pool in EC-cells, as previously suggested (GRUBE, 1976) . Figure 5b in addition shows some faintly (greenish) fluorescing cells, because the experimental animal had received L-DOPA intraperitoneally bofore killing. These cells with a secondary content of amine (dopamine) are identified as G-cells on the adjacent section immunostained for gastrin.
Thus, this method enables investigations into the nature of endocrine cells possibly related to amine metabolism.
Moreover, by a combination of immunohistochemistry and fluorescence histochemistry, the mutual relationships between peptide and amine metabolism may be studied at the cellular level.
Colocalization of peptide hormones
During the past few years it has become evident that various endocrine cells, e.g. in the pituitary, the thyroid, the adrenal medulla, and in the GEP endocrine system, exhibit immunoreactivities for more than one peptide hormone. The corresponding peptides are either derivatives of a common precursor or belong to different hormonal "families" (GRUBS et al ., 1978; LARSSON, 1981; STERNBERGER, 1986) . Moreover, our own investigations concerning the cellular source of pancreatic hormones have shown that these hormones may be localized to more than one endocrine cell type (GRUBE and AEBERT, 1981; GRUBE and BOHN,1983; GRUBE et al., 1983) . The canine pancreatic endocrine cells especially show such an overlapping of immunoreactivities.
Because not all members of a given endocrine cell population contain mutiple immunoreactivities and since these immunoreactivities in part interfere with non-specific immunostainings, it is absolutely necessary to perform the specificity controls in the same cells. This is shown in Figure 6 , where preadsorption controls of the antisera were performed on serial sections of an endocrine cell which showed concomitant immunoreactivities for somatostatin and pancreatic polypeptide (PP). According to the results of the specificity controls these immunoreactivities turned out to be specific.
4. Intracellular distribution of immunoreactivities and three-dimensional reconstructions of endocrine cells GEP-endocrine cells, according to their presumed nature as paraneurons, often show a polar orientation (receptor and effector poles) and an uneven distribution of peptide immunoreactivities within the cytoplasm (FUJITA,1980; GRUBE and BOHN,1983; Kusu-MOTO and GRUBE, 1986) . In immunostained serial semithin sections these parameters and the topographic relationships of endocrine cells to their microenvironment as well can be clearly investigated. Figure 7 gives an example of studies related to this field. An ACTH-cell from the rat adenohypophysis has been reconstructed by the computerassisted method (I.B.A.S.) from immunostained serial semithin sections.
Figures 7a-f show that immunoreactivities are accumulated in a cytoplasmic process extending to a capillary.
Furthermore, it can be seen that this cell has topographic relationships to three other ACTH cells (cluster formation, see also GRUBE and BOHN,1983) .
By this technique and by investigations into the microanatomical relationships of GEP-endocrine cells, further information may be obtained about the modes of secretion release in these cell types as to whether hemocrinia, paracrinia or synaptocrinia (see FUJITA, 1983) .
Quantitative immunocytochemistry
Since the introduction of immunohistochemical methods, various efforts have been made to quantify immunoreactivities in light microscopical and electron microscopical sections (see STERNBERGER,1986) . We have now developed a technique for quantitative immunocytochemistry performed on semithin sections by computer-assisted analyses. As already mentioned above, details of this method will be published elsewhere (GRUBE et al., in preparation) .
The validity of the method is demonstrated in Figure 8 . Here glucagon (A-) cells of the human endocrine pancreas immunostained for chromogranin A-like immunoreactivities can be seen. Typically, the densities of chromogranin A-like immunoreactivities vary to a great extent among the A-cells (GRUBE et al., 1986) . The optical densities of immunoreactive sites were measured in three different cells of the islet. The corresponding histograms demonstrate that this method is appropriate for quantitative analyses of immunoreactivities. In other studies we found that this technique is sensitive enough to also determine differences in the densities of immunostaining which are not perceivable in the microscopic image. Moreover, this method has already been successfully applied to experimental investigations of glucagon cells (JORNs et al., 1986) . Fig. 6 . Localization of multiple peptides in the same endocrine cell and corresponding specificity controls (preadsorption tests) performed on six consecutive semithin sections through the same cell. Canine pancreas, immunostained for somatostatin (a) and pancreatic polypeptide (b). The adjacent sections were immunostained with somatostatin antiserum preadsorbed with 50 yg/ml antiserum of somatostatin (c), with PP antiserum preadsorbed with 50 Cg/ml antiserum of pancreatic polypeptide (d), with somatostatin antiserum preadsorbed with 100 pg/ml antiserum of pancreatic polypeptide (e), and with PP antiserum preadsorbed with 100 ~Cg/ml antiserum of somatostatin (f). The specificity controls indicate that this endocrine cell (arrows in a-f) contains concomitantly peptides with somatostatin-and PP-like immunoreactivities. 
DISCUSSION
The present paper describes certain methods and their applications as they have been employed over the past several years in our laboratory. It should be pointed out that nearly all steps of the techniques could have been standardized, yielding reliable and reproducible results, and that often the same one technique is suitable towards a great variety of applications.
The main advantages of the methods and recommendations concerning their applications have already been outlined above. We now will consider more closely some aspects of the techniques which are related to: 1) the preparation of tissues and the advantages offered by semithin sections; 2) the immunohistochemical methodology and quantitative immunohistochemistry; and 3) three-dimensional reconstruction in microscopical anatomy.
Tissue preparation
Freeze-drying has been recommended as a tool for histochemical techniques by several authors. However, this method has mainly been used in combination with vapor-phase formaldehyde fixation for the fluorescence histochemical proof of biogenic monoamines (FALcK et al., 1962; BJoRKLUND et al., 1972) . This so-called "Falck-Hillarp technique" in its original form (BJoRKLUND et al., 1972) was deemed too complicated for routine use. According to our experiences, this method can be simplified without any loss in its applicability.
For example, when propylene gas or Freon is released from its bin in an upside-down position, a cooling system for the liquefaction of the quenching medium becomes superfluous.
Furthermore, we omit equilibration of the paraformaldehyde powder with an atmosphere of defined humidity over sulfuric acid; instead, pformaldehyde is used directly from the bottle. Finally, the embedding protocol has been simplified; the fixed specimens are immersed into propylene oxide and embedded in epoxy resin at atmospheric pressure.
In short, the Falck-Hillarp technique of fixation and embedding in its modified form is rather simple and less laborious than other methods of fixation and embedding.
A prerequisite for the wide distribution of immunohistochemical techniques in biology and medicine has been appropriate methods of tissue handling and fixation. A great variety of methods for pre-and post-embedding immunostaining are available at present (see BRANDTZAEG, 1982; STERNBERGER, 1986) . Over the years our laboratory has tested about 15 different methods of fixation for post-embedding staining.
Among other things, we found that glutaraldehyde-containing media reduce or abolish the immunoreactivities of many peptides (see also LARSSON, 1981; CLEMENTS and BEITZ, 1985; PUCHTLER and MELOAN, 1985) and that certain peptides (e.g. somatostatin) are extremely sensitive to fixation.
On the other hand, the fixation methods mentioned above including vapor-phase fixation of freeze-dried tissues proved to preserve the antigenicities of all peptides and other substances investigated. In addition, this paraffin sections) and electron microscopy.
Without removal of the resin from the sections, only a few routine staining or other staining methods can be performed (LEE, 1967; KAISSLING, 1973) . A great variety of staining methods can be applied, however, on semithin sections when the resin is removed (BOOK, 1984; LITwIN,1985) . This is also valid for immunohistochemical methods to be performed on semithin sections.
Immunohistochemical techniques
In addition to appropriate methods of fixation, the quality of an immunohistochemical method depends on many other factors. The main parameters which should be fulfilled in a satisfactory manner have been classified by PETRUSZ et al. (1980 PETRUSZ et al. ( , 1983 in the following terms: standardization, reproducibility, precision, accuracy, and efficiency. In accord with these parameters we have tested immunohistochemical methods including immunofluorescence, the labelled and non-labelled antibody enzyme technique, the avidin-biotin-complex (ABC) method, and immunogold procedures (LARSSON, 1981; MEY, 1983; NOORDEN and POLAK, 1983; STERNBERGER, 1986) in semithin sections. Every method naturally has its own advantages and problems; summing up our experiences, however, we found that the PAP technique is the most suitable method for the immunostaining of semithin sections. This method gives reliable, reproducible and precise results while having far-reaching applications.
For immunostaining using the PAP method we strongly recommend incubation of the sections with highly diluted antisera (first layers) and an incubation time of 24 hr (see also BIGBEE et al., 1977; GRUBE,1980a; PETRUSZ et al., 1980; STERNBERGER, 1986) . In addition to economical advantages, a high dilution of the first antiserum minimizes the pitfalls caused by the non-specific binding mechanisms of antibodies to tissue components (BUFFA et al., 1979; GRUBE, 1980a; GRUBE and WEBER,1980; STERNBERGER, 1986) . Unfortunately this fact is not considered in many immunohistochemical studies of other authors.
When semithin sections are used for immunohistochemistry, the antisera may be diluted even higher than usual because optical techniques (phase contrast, fluorescence of DAB polymers) can be applied to enhance the less intense immunostainings.
Finally, in semithin sections the PAP procedure can be standardized to a large extent, so that (with absent staining of background) even quantitative estimations of immunoreactivities using a computer-assisted system are made possible. During these latter studies we confirmed the results from model experiments (STREEFKERK and PLOEG, 1973) with semithin sections.
Three-dimensional reconstructions
In serial semithin sections peptides and other antigenic substances (e.g. serotonin, proteins) can easily be investigated for their intracellular distribution. The accumulation of immunoreactivities in certain cell parts may permit to define the mode of function in some endocrine cell types as to whether they are being engaged in hemocrine, paracrine or synaptocrine release of secretions (FUJITA, 1983; GRUBE and BORN, 1983; KUSUMOTO and GRUBE, 1986) . Moreover, three-dimensional reconstructions can be performed from immunostained serial semithin sections, and those of individual cells and cell clusters (GRUBE and AEBERT, 1981; GRUBE and BOHN 1983; GRUBE et al., 1983) . In addition, the topographical relationships of endocrine cells to other tissue components -other endocrine cells , non-endocrine "target" cells, capillaries, nerve fibers-can be taken into consideration during three-dimensional reconstructions.
We feel that studies related to this field may contribute to the further elucidation of the modes of functions of the diffuse neuro-endocrine system (FUJITA,1980 (FUJITA, ,1983 GRUBE et al., 1983) .
Various techniques have been published concerning the three-dimensional reconstruction of tissue structures from serial semithin or thin sections by computer-assisted methods (MARINO et al., 1980; RIEDER,1981; GRUBE and BOHN, 1983; GRUBE et al., 1983; SUNDSTEN and PROTHERO, 1983; YOUNG et al., 1985) . According to our experiences, it is advisable to use semithin sections cut at a 0.5 pm thickness to get three-dimensional reconstructions of sufficient exactness, or at least to solve problems related to the questions mentioned before. The final enlargement of the structures to be reconstructed should be between 1:800 and 1:2,000. If not, cytological details will fail to be resolved. Without further knowledge of the computer-assisted systems applied for this purpose by other groups, we have kept the Interactive Image Analysis System (I.B.A.S., ZeissKontron, Germany) for a facility which enables three-dimensional reconstructions of good qualities; the corresponding program is commercially available on a disk. (The manufacturer will distribute this year (1986) a largely improved program which will show reconstructions with smoothed surfaces,shadowing and display in different colors).
Concluding remarks
Application of serial semithin sections in immunohistochemistry and the threedimensional reconstruction provide a highly useful strategy for the better understanding of the multiple functions of endocrine cells. This methodology will fill the previous gaps between the light and electron microscopic observations. We hope that the techniques introduced in this paper will be widely used and serve the advances in biomedical fields.
